Abstract -The research is focused on the development of an Unmanned Aircraft System. One of the design process steps in the preliminary design phase is the calculation of the flight envelope for the Unmanned Aircraft System air vehicle. The results obtained will be used in the further design process. A flight envelope determines the minimum requirements for the object in Certification Specifications. The present situation does not impose any Certification Specification requirements for the class of the Unmanned Aircraft System under the development of the general European Union trend defined in the road map for the implementation of the Unmanned Aircraft System. However, operation in common European Aerospace imposes the necessity for regulations for micro class systems as well.
I. INTRODUCTION
There are several types of aircraft flight load diagrams, every of which usually is a variation of a flight parameter in relation to another parameter. Flight envelopes are calculated and constructed by engineers and applied by flight crews and pilots. During a flight, pilots use several plots and graphs. The four most important of them are:
1. Aircraft lift coefficient and Mach number variation (Cl-M); 2. Airspeed and flight altitude variation (V-h); 3. Aircraft centre of gravity and weight variation (Xcg-W); 4. Airspeed and load variation (V-n).
The most important of the above mentioned diagrams is the airspeed and load variation diagram (V-n). This diagram depicts the aircraft's limit loads as a function of airspeed. This diagram is very important mainly due to a maximum load factor which is obtained from the graph and used in the aircraft structural design. If the maximum load factor is insufficiently evaluated and calculated too low, the aircraft cannot withstand safely flight loads -is not airworthy. It is recommended for engineers to recalculate the V-n diagram several times during the design process for safety reasons [3] , [5] , [6] , [10] .
The Unmanned Aircraft System air vehicle flight envelope is plotted according to the parameters obtained during the conceptual design phase and the calculations in the preliminary design phase (see Table I ). The combined V-n diagram is constructed in three steps:
The figure below shows the general shape of the V-n diagram [3] , [5] , [6] , [10] , [13] , [16] , [18] , [20] . 
II. FLIGHT ENVELOPE CONSTRUCTION

Basic V-n Diagram
The V-n diagram calculations involve the use of limit values and equations from the European Aviation Safety Agency Certification Specification for Very Light Aeroplanes CS-VLA [1] , [2] , [7] , [8] , [20] . This Certification Specification covers airworthiness requirements for Very Light Aircraft with a maximum certificated take-off weight of not more than 750 kg. Such regulations are not yet developed for micro class unmanned aircraft systems, which means that the above mentioned requirements should be taken as a basis [9] , [11] , [12] .
The load on the aircraft on land is formed by the gravitational force which is 1g. The aircraft in flight is influenced by other loads one of which is acceleration. The load is usually defined as a load factor n · g. In other words, the load on the aircraft is defined as a load of multiple gravitational acceleration g. The load factor is a ratio (1) between lift force and weight [3] , [5] , [6] , [10] , [13] , [16] - [20] :
where L is lift force; W is weight.
From [1] CS-VLA 335 it follows that the maximum cruise speed cannot be less than:
where The requirement of CS is satisfied because the design requirement for the cruise speed is VC = 26 m/s. In flight envelope calculations, the value of cruise speed calculated by (2) will be used to design a lighter air vehicle structure. The value will be reviewed in later design stages if necessary [3] , [5] , [6] , [10] , [13] , [16] , [18] , [20] .
The maximum cruise speed [3] , [15] is:
According to [1] , [2] , [7] , [8] , [20] CS-VLA, the following load limits are determined: npos = 3.8 maximum positive load limit; nneg = -0.5npos= -1.9 maximum negative load limit.
The aircraft dive speed [1] , [4] , [15] is:
Now the coordinates for points F and G can be set, which respectively are (Vd; 3.8) and (Vd; -1.9).
To find coordinates for points A, B, J, K, it is necessary to calculate two equations in respect to coefficient Clmax. The stall speed is calculated in accordance with the following equation:
The recalculated stall speed almost matches with the design requirement stall speed. Therefore, in the further flight envelope calculations, the initial stall speed value will be used, in relation to coordinate point A (8.5, 1).
The upper curve or the load coefficient and speed function is:
From the equation (6) and knowing maximum load npos (3.8), a speed in the point B, which is also the manoeuvring speed, can be calculated:
16.56 m s 0.013855
Accordingly the coordinates for the point B are (16.56, 3.8) .
In the same way, the equation for the lower curve is formed:
where ρSL is air density at sea level. Then the coordinates for the point K are (12.015; -1).
The lower curve or the load coefficient and speed function is:
From the equation (10) and knowing the maximum load nneg (-1.9), a speed in the point J can be 
Gust V-n Diagram
The equation for the load coefficient variation as a function of the airspeed:
g ge e wga 1 2
In accordance with [1] , [2] , [7] , [8] , [20] CS-VLA 333, the gust diagram is calculated for positive upward gusts and negative downward gusts for the cruise speed VC and dive speed VD. The gust speed is statistically measured and accordingly assumed for the aircraft VD speed equal to 7.5 m/s and, VC speed equal to 15.25 m/s.
Aircraft Load at Sea Level
In the preliminary design phase, the wing aspect ratio was determined: AR =12 [19] . The equation for the wing aspect ratio calculation is:
where b is wing span; C is wing chord.
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The equation for the wing mean geometric chord is:
Assuming that the wing is tapered and swept, (12) should be inserted into (13) yielding the following result:
As the calculated wing span exceeds the functionally required length, it is recalculated with a newly defined aspect ratio value AR = 8:
which satisfies the functional requirements. The wing mean geometric chord according to (13) is:
The air vehicle mass aspect ratio is:
The gust alleviation factor is:
In accordance with the equation ( 
Aircraft Load at a Cruising Altitude of 350 m Above Sea Level
The air density at an altitude of 350 m above sea level is 1.184 kg/m 3 . In accordance with (17) , the air vehicle mass aspect ratio is: 
The gust alleviation factor in accordance with (18) is: Comparing the results from both parts, it is possible to conclude that the load factor at sea level is greater. Consequently, the following gust load factor values are taken for further calculations: nposg = 3.92 nnegg = -1. 
Combined V-n Diagram
The combined V-n diagram is plotted from the basic diagram and gust line intersection points. In accordance with [1] , [2] , [7] , [8] , [20] CS-VLA 333, the gust load varies linearly between the speeds VC and VD. 
III. CONCLUSION
The analysis of the flight envelope makes it possible to conclude that gust loads do not create much greater loads on the air vehicle structure. This is feasible, because the micro class unmanned aircraft system is rather small in size, and the gust will most probably transfer the whole air vehicle structure. 
